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. 1. Title of the Inventi 



on 



Plasma Display Panel Driving Method and Circuit 
Thereof 

2. Scope of Claim for Patent 

1) A method of driving a memory-type .plasma display panel 
in which a plurality of row electrodes (Yl to Ym) and a 
plurality of column electrodes (XI to Xn) both covered with 
a dielectric are arranged opposite to and intersecting with 
each other, and discharge cells are formed at the 
intersections, characterized in that 

at least either of the row electrodes (Yl to Ym) and 
the column electrodes (XI to Xn) are divided into a 
plurality of groups (GY1 to GYM, GX1 to GXN) , and a rising 
time of a sustain pulse applied to the electrodes in each 
group is shifted. 

2) The plasma display panel driving method as recited in 
claim 1, characterized in that said shift time is not longer 
than 0.3 us with respect to adjacent ones of said groups. 

3) A memory-type plasma display panel driving circuit in 
which a plurality of row electrodes (Yl to Ym) and a 
plurality of column electrodes (XI to Xn) both covered with 
a dielectric are. arranged opposite to and intersecting with 
each other, and discharge cells are formed at the 
intersections, characterized in that 
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said driving circuit comprises: 

sustain circuits (51 to 5M, 31 to 3N) that are- each 
provided for each group of the row electrodes or the column 
electrodes divided into a plurality of groups, and each 
supply a common sustain pulse to the electrodes in each 
group in response to a control pulse supplied to an input 
terminal; and 

delay circuits (61 to 6 (M-l) , 41 to 4(N-1)) each 
connected between the input , terminals of adjacent ones of 
the sustain circuits with respect to the row electrodes or 
the column electrodes, wherein 

with respect to the row electrodes .or the column 
electrodes, the control pulse supplied to the input terminal 
of one of said sustain circuits causes the control pulses, 
which are sequentially delayed through the delay circuits, 
to be supplied to the input terminals of the other sustain 
circuits . 

4) The plasma display panel driving circuit as recited in 
claim 3, characterized in that 

one said sustain circuit (31) for one said group and 
one said delay circuit (41) whose input terminal is 
connected to the input terminal of said one sustain circuit 
are provided in one semiconductor integrated circuit (71), 
wherein 

the input terminal (71a) of said sustain circuit (31) 
and an output terminal (71b) of said delay circuit (41) are 
used as external terminals of said semiconductor integrated 
circuit (71) . 

5) A method of driving a memory-type plasma display panel 
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in which a plurality of row electrodes and a plurality of 
column electrodes both covered with a dielectric' are 
arranged opposite to and intersecting with each other, and 
discharge cells are formed at the intersections, 
characterized in that 

a rising time of a sustain pulse applied to the row 
electrodes and the column electrodes is set to 0.1 to 0.3 \is . 

3/ - Detailed Description of the Invention 
[Contents] 
Summary 

Applicable Field in the Industry 
Conventional Art (Figs. 8 to 11) 
Problems to Be Solved by the Invention 
Means for Solving the Problems 
Function 
Embodiments 

First Embodiment (Figs. 1 to 3) 

Second Embodiment (Fig. 4) 

Third Embodiment (Figs. 5 to 7) 
Effects of the Invention 

[Summary] 

The invention relates to a method of driving a memory- 
type plasma display panel and a driving device thereof, in 
which display panel a plurality of row electrodes and a 
plurality of column electrodes covered with a dielectric are 
arranged opposite to and intersecting with each other; 

the invention aims to prevent malfunction due to a 
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sustain pulse; 

the method of driving a memory-type plasma display 
panel, in which a plurality of row electrodes and a 
plurality of column electrodes covered with a dielectric are 
arranged opposite to and intersecting with each other, and 
discharge cells are formed at the intersections, is 
constituted such that at least either of the row electrodes 
and the column electrodes are divided into a plurality of 
groups, and a rising time of a sustain pulse applied to the 
electrodes in each group is preferably - shifted by time not 
longer than 0.3 \is with respect to adjacent ones of said 
groups; 

a driving circuit is constituted to include sustain 
circuits each provided for each group of the row electrodes 
or the column electrodes divided into a plurality of groups, 
to supply a common sustain pulse to the electrodes in each 
group in response to a control pulse supplied to an input 
terminal, and delay circuits each connected between the 
input terminals of adjacent ones of the sustain circuits 
with respect to the row electrodes or the column electrodes, 
wherein with respect to the row electrodes or the column 
electrodes, the control pulse supplied to the input terminal 
of one of said sustain circuits causes the control pulses, 
which are sequentially delayed through the delay circuits, 
to be supplied to the input terminals of the other sustain 
circuits; and 

another driving method is constituted such that the 
rising time of the sustain pulse applied to the row 
electrodes and the column electrodes is set to 0.1 to 0.3 ]is . 



[Applicable Field in the Industry] 

The present invention relates to a method of and a 
device for driving a memory-type plasma display panel in 
which a plurality of row electrodes and a plurality of 
column electrodes both covered with a dielectric are 
arranged opposite to and intersecting with each other. 

• [Conventional Art] 

Fig. 8 shows a cross-sectional structure of a memory- 
type plasma display panel. 

A plurality of column electrodes X and. row electrodes 
Y are provided, respectively on opposite surfaces of a front 
glass substrate 1 and a reverse glass substrate 2. The 
column electrodes X and row electrodes Y are line electrodes 
extending in directions orthogonal to each other. The 
respective opposite surfaces of the front glass substrate 1 
and the reverse glass substrate 2 are further covered with 
memory dielectrics 3, 4 that cover the column electrodes X 
and row electrodes Y. The memory dielectrics 3, 4 are 
coated, respectively with protection films 5, 6 for use in 
preventing deterioration. Between the protection films 5 
and 6, a spacer 7 is provided on edges of the protection 
films, so as to form a discharge space. This discharge 
space is closed by a seal glass 8 provided at the 
peripheries of the dielectrics 3, 4, and is filled with a 
mixture of neon gas and a little rare gas. In this way, 
discharge cells are formed at the intersections of the 
column electrodes X and the row electrodes Y. 




Fig. 9 shows the regions of discharge cells 11, 12, 21 
and 22 formed at the intersections of column electrodes XI, 
X2 and row electrodes Yl, Y2 among a large number of column 
electrodes X and row electrodes Y. Fig. 10 shows in its 
upper part the waveforms of drive voltages applied to these 
column electrodes XI, X2 and row electrodes Yl, Y2 . Those 
of the waveforms with respect to the row electrodes Yl, Y2 
indicate the inverted phases of the actual waveforms. Fig. 
10 shows in its lower part the waveforms of voltages applied 
between each of the discharge cells 11 -to 22. In Fig. 10, 
the dotted line denotes a wall voltage generated by electric 
charges on the surfaces of the dielectrics 3,- 4 by discharge. 

An operation of driving the plasma display panel 
includes a write operation, an erase operation and a sustain 
operation as shown in Fig. 10, which require respectively a 
write pulse, an erase pulse and a sustain pulse. 

The height of the write pulse is not lower than a 
discharge starting voltage V f , and said wall voltage is 
generated between the dielectrics 3 and 4 by discharge. The 
direction of an electric field caused by the voltage applied 
between the electrodes is opposite to the electric field 
direction caused by the wall voltage. If a sustain pulse 
opposite in phase to this write pulse is then supplied, the 
directions of the electric fields caused by the both 
voltages become coincident with each other, so that 
discharge emission occurs at a sustain voltage V s not higher 
than the discharge starting voltage V f . In discharge cells 
where no write pulse was supplied in the past, however, the 
wall voltage is approximately zero, and no discharge 
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emission occurs. Accordingly, supplying an AC sustain pulse 
to all of the discharge cells enables discharge emission of 
only the discharge cells, to which the write pulse was 
supplied in the past. 

When an erase pulse of a smaller width than that of 
the sustain pulse is applied between the electrodes, the 
electric charges on the surfaces of the dielectrics 3, 4 are 
discharged, and no subsequent charging is carried out, so 
that the wall charge becomes approximately zero. Thus, even 
if a sustain pulse is subsequently supplied between these 
electrodes, no discharge emission occurs. 

[Problems to Be Solved by the Invention] 
Since the number of display dots is, however, e.g., 
640 x 400, and inphase sustain pulses are applied 
respectively to the column electrodes X and the row 
electrodes Y, a peak value of a discharge current after the 
rising of the sustain pulse becomes large, so that- negative 
spike noise is generated at a sustain voltage (power supply 
voltage) V s for producing a sustain pulse, as shown in Fig. 
11. Thus, this noise is also generated at a sustain pulse 
voltage, and the increment of a minimum discharge sustaining 
voltage V sm becomes larger than the increment of the 
discharge starting voltage V f , that is, the margin of the 
sustain voltage V s becomes smaller, which leads to the 
disadvantage that discharge cells are liable to malfunction 
in relation to variations in the characteristics of 
discharge cells . 

Moreover, since each discharge cell is a capacitive 
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load, a spike-like large displacement current flows at the" 
rising time of the sustain pulse, so as to give noise, to a 
shift register or the like used in a write erase control 
circuit, which causes a malfunction. Such a malfunction is 
also caused by the above discharge current. 

An object of the invention is, in view of the 
aforementioned problems, to provide a plasma display panel 
driving method and a circuit thereof capable of preventing a 
malfunction caused by a sustain pulse. 

[Means for Solving the Problems and Function] 

(1) In order to achieve such an object, in a plasma 
display panel driving method according to the invention, at 
least either of row electrodes and column electrodes are 
divided into a plurality of groups, and the rising time of a 
sustain pulse applied to the electrodes in each group is 
shifted. 

This causes a shift in the peak point of a discharge 
current for each group, leading to a decrease in the peak 
value of the entire discharge current. 

Thus, the margin of a sustain voltage becomes larger, 
and discharge cells are prevented from malfunctioning in 
relation to variations in the characteristics of the 
discharge cells. 

In addition, a shift register or the like susceptible 
to noise is prevented from malfunctioning. 

(2) The above shift time is preferably not longer than 
0.3 ps because if the shift time is set too long for any 
adjacent groups, then a pseudo-erase pulse is produced 
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between the electrodes of the adjacent groups. 

(3) A driving circuit that implements the above method 
is constituted by the following two elements: 

(D A sustain circuit that is provided for each group of 
row electrodes or column electrodes divided into a plurality 
of groups, to supply a common sustain pulse to the 
electrodes in each group in response to a control pulse 
supplied to an input terminal. 

(D A delay circuit connected between the input 

terminals of adjacent ones of the sustain circuits with 
respect to the row electrodes or column electrodes. 

If the control pulse is supplied to the input terminal 
of the single sustain circuit with respect to the row 
electrodes or column electrodes, then control pulses, which 
are sequentially delayed by the delay circuits are supplied 
to the input terminals of the other sustain circuits. 

(4) For implementing the above driving circuit in a 
semiconductor integrated circuit, said sustain circuit 
corresponding to one said group, and one said delay circuit 
whose input terminal is connected to the input terminal of 
the sustain circuit are provided in a single semiconductor 
integrated circuit, wherein the input terminal A of the 
sustain circuit and an output terminal B of the delay 
circuit are used as external terminals of the semiconductor 
integrated circuit. 

The above-described driving circuit is constituted by 
sequentially connecting in cascade the output terminal B of 
one semiconductor integrated circuit to the input terminal A 
of another semiconductor integrated circuit. 
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(5) In another method of driving a plasma display 
panel, the rising time of a sustain pulse applied to the row 
electrodes and column electrodes is set to 0.1 to 0.3 us. 

Conventionally, it is considered that the shorter the 
rising time of a sustain pulse is, the better since with a 
slower rising of the sustain pulse, discharge is generated 
in the course of the rising, so that sufficient discharge is 
not carried out. If this rising time is set to not longer 
than 0.3 us, then discharge is generated after the rising of 
the sustain pulse, so that sufficient discharge is carried 
out, which does not require a sustain voltage margin to be 
smaller. Furthermore, if the rising time -is set to not 
shorter than 0.1 ps, then the rising becomes slower, so that 
the peak value of a displacement current flowing through the 
electrodes decreases, which prevents a shift register or the 
like susceptible to noise from malfunctioning. 

[Embodiments] 

Embodiments of the invention will now be described 
with reference to the drawings. 
(1) First Embodiment 

Fig. 1 shows the structure of a main part of a memory- 
type plasma display panel driving circuit. 

This plasma display panel is configured as shown in 
Fig. 8 to include n linear column electrodes XI to Xn and m 
linear row electrodes Yl to Ym. The column electrodes and 
row electrodes are arranged in directions orthogonal to each 
other on different planes, and n x m, e.g., 640 x 400 
discharge cells are formed. The column electrodes are 
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divided into N groups, i.e., a first column electrode group 
GX1, a second column electrode group GX2, ... an Nth column 
electrode group GXN, each of which is constituted by a set 
of four adjacent column electrodes (e.g., 160 column 
electrodes in practice) . 

All of the terminals in each group are connected in 
common, respectively, to output terminals of sustain 
circuits 31, 32, ... 3N. Each of the sustain circuits 31 to 
3N outputs, for example, a single sustain pulse of 100 V in 
response to a single sustain control pulse of 5V. Delay 
circuits 41, 42, ... 4(N-1) with their input terminals being 
on the side of the sustain circuits 31, 32, ... 3(N-1) are 
connected, respectively between the input terminals of 
adjacent sustain circuits. 

Note that Fig. 1 does not show a write driving circuit 
or an erase driving circuit. 

In the above structure, when a periodical sustain 
control pulse is supplied to the input terminal of the 
sustain circuit 31, the input terminals of sustain circuits 
32 to 3n are supplied with sustain control pulses that are 
sequentially delayed by time t d by the respective delay 
circuits 41 to 4(N-1). Thus, sustain pulses, each of which 
rising time is sifted only by time t d with respect to the 
adjacent group are applied to the column electrode groups 
GX1, GX2, ... as shown in Fig. 2. Accordingly, a displacement 
current and a discharge current that flow through the column 
electrode groups GX1 to GXN have their peak time points 
shifted only by time t d with respect to the adjacent groups, 
so that the peak values of the displacement current and the 
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discharge current flowing through all of the column 
electrodes become significantly small as compared with the 
conventional example . 

The shift time t d is preferably not longer than 0.3 ps 
because if the shift time is set too long for any adjacent 
groups, then a pseudo-erase pulse is produced between the 
electrodes of the adjacent groups. 

The same is applied also to the row electrodes, that 
is,.,, the row electrodes Yl to Ym are divided into M groups, 
i.e., a first row electrode group -GY1, a second row 
electrode group GY2, ... an Mth row electrode group GYN, each 
of which is constituted by a set of fou* adjacent row 
electrodes (e.g., 200 row electrodes in practice). All of 
the terminals in each group are connected in common, 
respectively, to output terminals of sustain circuits 51, 52, 
... 5M, and delay circuits 61 to 6(M-1) are connected, 
respectively between the input terminals of the adjacent 
sustain circuits . 

Fig. 3 shows the relationship between the division 
number of groups of column electrodes and row electrodes in 
a plasma display with the number of dots being 640 x 400, 
and a sustain voltage margin. In Fig. 3, the following 
relation is satisfied: (division number of groups) 
(division number of row electrodes) = (division number of 
column electrodes) . The sustain voltage margin indicates 
the difference between a discharge starting voltage V f at 
which discharge is started when a voltage is applied to 
discharge cells where no writing is performed, and a minimum 
discharge sustaining voltage V sm for sustaining discharge by 
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supplying a sustain pulse to discharge cells where writing 
has been performed. Since the V f and V sm are variable- for 
each discharge cell, a small sustain voltage margin may 
cause malfunctions due to variations or the like of a power 
supply voltage. 

It is seen from Fig. 3 that a sufficient margin can be 
obtained when the division number of groups is 2 or more. 
The division number of groups is preferably 2 to 3 since an 
excessively large division number makes the structure 
complicated. Furthermore, with such a division number 2 to 
3 and a sufficiently low peak value of discharge current, a 
shift register or the like that is susceptible to noise can 
be prevented from malfunctioning. 

(2) Second Embodiment 

Fig. 4 shows the structure of a main part of a memory- 
type plasma display panel driving circuit. In the second 
embodiment, although the circuit per se is the same as that 
of Fig. 1, the driving circuit is devised in the following 
way so as to be constituted by a semiconductor integrated 
circuit . 

That is to say, a sustain circuit 31 and a delay 
circuit 41 are provided in a single semiconductor integrated 
circuit 71, and an input terminal of the sustain circuit 31 
and that of the delay circuit 41 are connected in common to 
an external input terminal 71a, while an output terminal of 
the delay circuit 41 is connected to an external output 
terminal 71b. 

This sustain circuit 31 includes a level shifter 31a, 
a PNP transistor 31b and an NPN transistor 31c having their 
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bases connected to output terminals of the level shifter 31a. 
The PNP transistor 31b has its emitter connected to a 
sustain voltage power supply terminal; the NPN transistor 
31c has its emitter grounded; and the PNP transistor 31b and 
the NPN transistor 31c have their collectors connected in 
common to an external output terminal 71c. This external 
output terminal 71c is connected to a column electrode XI. 

When a single sustain control pulse is supplied to the 
level- shifter 31a, the PNP transistor 31b is supplied with a 
single switching pulse, and then the NPN transistor 31c is 
supplied with a single switching pulse, so that a single 
sustain pulse as illustrated in Fig. 4 is derived at the 
external output terminal 71c. 

The same structure as that of the semiconductor 
integrated circuit 71 is also applied to a semiconductor 
integrated circuit 72. Elements of the semiconductor 
integrated circuit 72 which correspond to the elements 31a 
to 31c, 41, 71a to 71c of the semiconductor integrated 
circuit 71 are denoted with reference numerals 32a to 32c, 
42, 72a to 72c, and the description thereof will not be 
given . 

The output terminal 71b of the semiconductor 
integrated circuit 71 is connected in cascade to an input 
terminal 72a of the semiconductor integrated circuit 72. 
The same cascade connection is also applied to any other 
semiconductor integrated circuits not shown, of which 
structures are the same as that shown in Fig. 1. 

Note that the semiconductor integrated circuits 71, 72, 
... incorporate driving circuits that generate write pulses or 
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erase pulses, and shift registers or the like that supply 
data signals to these driving circuits. 
(3) Third Embodiment 

Fig. 5 shows a sustain circuit for a discharge cell 11 
In this sustain circuit 31A, in addition to the sustain 
circuit 32 of Fig. 4, a diode 81 is connected in parallel 
between the emitter and the collector of the PNP transistor 
31b, while a diode 82 and a capacitor 83 are connected in 
parallel • between the emitter and the collector of the NPN 
transistor 31c. The diodes 81 and 82. serve to prevent 
potential on the column electrode XI from being not lower 
than the sustain voltage V s nor higher than-OV. A sustain 
circuit 51A connected to the row electrode Yl has also the 
same structure as that of the sustain circuit 31A and is 
indicated by a box. The remaining parts are the same in 
structure as those shown in Fig. 1. 

When a sustain control pulse is supplied to the level 
shifter 31a of the sustain circuit 31A in the above 
structure, a sustain pulse is supplied to the column 
electrode XI; however, since the capacitor 83 is connected 
in parallel with the discharge cell 11, a displacement 
current is distributed not only to the column electrode XI 
but also the capacitor 83. Thus a rising time t r of the 
sustain pulse becomes longer than conventional, which thus 
can prevent the generation of noise. 

Fig. 7 shows the relationship between the sustain 
pulse rising time t r and the sustain voltage margin. In the 
relation t r > 0.3 us, discharge occurs in the course of the 
rising of the sustain pulse, so that the sustain voltage 
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margin becomes smaller. In the relation t r < 0.1 ps, noise' 
is generated by sharp rising of the sustain pulse, so- that 
the above-described shift register or the like malfunctions. 
Thus it is not preferable. Accordingly, a preferable range 
of the sustain pulse rising time t r is 0.1 ps < t r < 0.3 ps. 

Note that it may also be considered that the capacitor 
83 be replaced by a resistor that is connected in series 
with the column electrode XI to make the rising of the 
sustain pulse slower; however, this is not preferable 
because a current flowing through this resistor causes a 
voltage drop, which thus lowers the sustain voltage and 
makes smaller the sustain voltage margin shown in Fig. 7. 

[Effects of the Invention] 

As has been described, in a method of and a circuit 
for driving a plasma display panel according to the present 
invention, at least either of row electrodes and column 
electrodes are divided into a plurality of groups, and the 
rising time of a sustain pulse applied to the electrodes in 
each group is shifted. Thus, the peak time point of a 
discharge current for each group is shifted, 'and the peak 
value of the entire discharge current decreases, which thus 
provides the following excellent effects that discharge 
cells can be prevented from malfunctioning in association 
with variations in properties of the discharge cells, and 
that a shift register or the like susceptible to noise can 
be prevented from malfunctioning. 

In another method of driving a plasma display panel 
according to the present invention, since the rising time of 
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a sustain pulse applied to row electrodes and column 
electrodes is set to 0.1 to 0.3 \xs, the peak value - of a 
displacement current flowing through the electrodes can be 
decreased without making the sustain voltage margin smaller, 
which thus leads to the • excellent effect that a shift 
register or the like susceptible to noise can be prevented 
from malfunctioning. 

4 .. ...Brief Description of the Drawings 

Figs. 1 to 3 relate to a first embodiment of the 
present invention : 

Fig. 1 is a diagram of a driving circuit of a main 
part of a memory-type plasma display panel; 

Fig. 2 is a time chart of a sustain pulse applied to 
column electrode groups GX1 to GX3 shown in Fig. 1; 

Fig. 3 is a diagram showing the relationship between 
the division number of electrode groups and a sustain 
voltage margin; and 

Fig. 4 is a diagram of a driving circuit of a main 
part of a memory-type plasma display panel according to a 
second embodiment of the present invention. 

Figs. 5 to 7 relate to a third embodiment of the 
present invention : 

Fig. 5 is a sustain circuit diagram for a cell 11; 

Fig. 6 is a waveform diagram of a sustain pulse and a 
discharge emission pulse with respect to the circuit shown 
in Fig. 5; and 

Fig. 7 is a line diagram showing the relationship 
between a sustain pulse rising time and a sustain voltage 
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margin. 

Figs. 8 to 11 relate to a conventional example: 

Fig. 8 is a cross-sectional structural diagram of a 
memory-type plasma display panel; 

Fig. 9 is a diagram showing regions of discharge cells 
formed between the column electrodes XI and X2 and the row 
electrodes Yl and Y2 of Fig. 8; 

Fig. 10 is a time chart of a drive pulse applied to 
the,, electrodes shown in Fig. 9 and a drive pulse applied 
between the electrodes of the discharge cells; and 

Fig. 11 is a waveform diagram for use in explaining 
the disadvantages of the conventional example. 

In the figures, 

3, 4 : dielectric 

11, 12, 21, 22: discharge cell 

31 to 3N, 31A, 51 to 5N, 51A: sustain circuit 

31a, 32a: level shifter 

41 to 4N, 61 to 6N: delay circuit 

11, 72: semiconductor integrated circuit 

GX1 to GXN: column electrode group 

GY1 to GYM: row electrode group 
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(54) PLASMA DISPLAY PANEL DRIVING METHOD AND ITS CIRCUIT 
(57)Abstract 

PURPOSE: To prevent a malfunction due to a maintenance pulse by 
dividing either of row and column electrodes into plural groups and delaying 
- the leading time of maintenance pulses impressed on the respective groups 
of electrodes. 

CONSTITUTION: When the maintenance control pulses are periodically 
supplied to the input terminal of a sustain ST circuit 31, they are 
sequentially delayed by delay circuits 41 to 4(N-1) by (td) minutes and 
supplied to the input terminals of ST circuits 32-3N. Accordingly, on the 
groups of the column electrodes GX1, GX2..., the maintenance pulses whose 
leading times are different by td in the adjacent groups are impressed. 
Therefore, the peak times of displacement and discharge currents flowing 
to the groups GX1-GXN are different by the time td in the adjacent groups. 
Then, the peak value of the displacement and discharge currents flowing to 
all the column electrodes is decreased. Similarly to row electrodes Y, the 
outputs of delay circuits 61 to 6(M-1) are supplied to the input terminals of 
adjacent ST circuits in the ST circuits 51-5M. 
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